The authors use a wavelet transform to analyze the change in the seasonal cycle of CH4 mole fractions at high latitude sites. They find a reduction in the peak-to-peak amplitude that could be driven by (1) Enhanced wetland emissions in the warm season, counteracting the yearly drawdown by OH in summer (2) Reduction in the CH4 emissions from fossil fuel sources, leading to less wintertime accumulation in the NH high latitudes. They specifically focus on option (1) and try to find evidence using various methods.
Although the wavelet transform seems an interesting approach, the authors fail to demonstrate its advantage over other possible methods (see point 1 below). Moreover, the paper is very hard to read, mainly because the main text is separated from C1 the Appendix (see point 3 below). Many figures are not well introduced nor discussed properly in the text. Also, the scope is very broad, and many data-manipulation methods are employed to demonstrate increasing wetland emissions. Methane isotopes are analyzed, a detailed wind-sector analysis for BRW is performed, and Lagrangian footprint models are invoked. After a long and tedious analysis of the paper, I am however not convinced (point 3 below) and have the impression that the authors developed a strong preference for increasing Arctic emissions. The model experiments seem to indicate that most Arctic stations show small sensitivity for Arctic wetland emissions, with the exception of BRW. It is also clear, however, that the skill of the model in reproducing the seasonal cycle is rather poor (figure 13), which casts additional doubts on the predictive value of the sensitivity experiments. I think the paper needs a serious rewrite and should also be substantially reduced in scope and size. However, more attention should be given to the advantages of the wavelet analysis over other methods.
Below, I summarize four main points of criticism, after which I list some minor comments.
The use of wavelet analysis
In principle, may methods could be used to derive the peak-to-peak amplitude in methane mixing ratios using atmospheric observations. The authors claim that they "improve on the Fourier transform". However, it remains unclear why the most logical analysis from simple monthly mean mixing ratios would not be suitable for the analysis. The answer may be trivial (e.g. low frequency noise needs to be filtered out, e.g. line 60), but this step is vital if you want to sell a rather complicated analysis tool to filter your data. In that sense, the paper makes an unbalanced impression, leaving out vital information like this, and presenting rather long separate analysis in the Appendices. NOAA provides software to filter time-series (used in their data visualization tools) and I wonder what is wrong with that? So Appendix B, and maybe the main text, should better motivate the use of Wavelet transforms.
C2 2 The set-up of the numerical experiments
The authors present two sets of simulations with "tagged" methane, meaning they separate wetland methane from fossil methane. One set contains a repeated year of EDGAR anthropogenic emissions, and one set time-dependent emissions. The authors furthermore perturb Arctic emissions by 0.5, 1 and 2% per year. I find this set-up strange. First, the system is basically linear, because I believe the feed-back of methane on OH is not included. So, you can freely combine "CH4-arctic wetlands", CH4-anthropogenic", and "CH4-tropical wetlands", to arrive at total CH4 in any given source mix. Furthermore, they sample the model at NOAA/ESRL monitoring sites as diurnal averages, which are averaged further to weekly time resolution. This is also a step back from the commonly applied co-sampling at measurement stations. I understand that a homogeneous time-series is needed for the wavelet transform. However, this could still result in some bias, because the measurements are gap-filled in a different way than the model (e.g. recognized on line 460). I think these issue do not invalidate the results of this study per-se, but I get the impression that the simulations are not well-thought-thru. Anyhow, the way the model represents the seasonal cycle at some high-latitude stations is worrisome ( figure 13 ).
3 Appendices & Structure By using many Appendices, the paper gets messy. For instance, Appendix D part 1 (air sector analysis) seems a paper in itself and the added value of all this extra material for the evidence seems limited. From where is appears in the main text, I would expect that the BRW analysis would look closely at 13CH4, but this surprisingly is not done. Also, I found myself switching between main text and appendices, because the main text is by far not stand alone. For instance, the "Interpretation of numerical experiments" reads verypoorly. First, increasing wetland emissions seem to work ONLY for BRW. In contrast, fossil emission reductions seem to decrease the seasonal amplitude at all stations and explain 75% of the observed amplitude reduction at BRW. Line 152: consequently, a smaller coincident increase . . ..in wetland emissions of 0.73% per C3 year is needed. Accounting for biases in EDGAR, this number could be larger. This only becomes clear after reading the Appendix. Moreover, it seems the authors are desperate to proof an increase in high-latitude wetland emissions. My interpretation of the above facts would be: reductions in fossil emissions lead to a reduction in the seasonal amplitude of CH4 mole fractions (but do not exclude an increase in wetland emissions). Most clearly this is read on line 166: "we could not quantitatively reconcile observed and model trends in the amplitude of the seasonal cycle. Only by including . . . atmospheric CH4". As far as I can see, this was also the only modification of the methane emissions that the authors explored (they also looked at two versions of anthropogenic emissions), so this result is not particularly surprising. Also, the abstract mentions only the 0.7%/yr increase in wetland emissions, even while most high-latitude stations appear not sensitive to wetland emissions. In conclusions, this firm conclusion seems an overstatement.
Comparison to other studies
Although the approach is original by focusing on the peak-to-peak amplitude of the seasonal cycle, the authors should still compare their results to other studies. Formal inverse modelling studies have been published including the high-latitude stations to constrain methane sources. These studies thus implicitly account for changes in the peak-to-peak amplitudes, by looking for a least-squares fit with all observations. Bergamaschi et al. (Bergamaschi, P. et al. Atmospheric CH4 in the first decade of the 21st century: Inverse modeling analysis using SCIAMACHY satellite retrievals and NOAA surface measurements. J Geophys Res 118, 7350-7369 (2013) .), however, found no increase in arctic wetland emissions. At least some discussion of the findings of existing studies should be included.
Minor issues:
Line 104: Figure 1a Line 113: If the relatively heavy fossil CH4 emissions would decline, this would imply overall lighter emissions also, so I do not see why this argument is not mentioned here.
Line 117: "Each Keeling plot". Sounds a bit unexplained to me. How are these Keeling plots made? From monthly data? Only from co-sampled CH4 and 13CH4? I see that the caption mentions 9-week running window. But that seems strange, given the fact that gaps seem different for CH4 and 13C-CH4. Interactive comment on Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -752, 2016 
